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Light scalar at LHC: the Higgs or the dilaton?
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It is likely that the LHC will observe a color- and charge-neutral scalar whose decays are consistent
with those of the Standard Model (SM) Higgs boson. The Higgs interpretation of such a discovery
is not the only possibility. For example, electroweak symmetry breaking (EWSB) could be triggered
by a spontaneously broken, nearly conformal sector. The spectrum of states at the electroweak scale
would then contain a narrow scalar resonance, the pseudo-Goldstone boson of conformal symmetry
breaking, with Higgs-like properties. If the conformal sector is strongly coupled, this pseudo-dilaton
may be the only new state accessible at high energy colliders. We discuss the prospects for dis-
tinguishing this mode from a minimal Higgs boson at the LHC and ILC. The main discriminants
between the two scenarios are (1) cubic self-interactions and (2) a potential enhancement of cou-
plings to massless SM gauge bosons. A particularly interesting situation arises when the scale f
of conformal symmetry breaking is approximately the electroweak scale v ≃ 246 GeV. Although
in this case the LHC may not be able to tell apart a pseudo-dilaton from the Higgs boson, the
self-interactions differ in a way that depends only on the scaling dimension of certain operators in
the conformal sector. This opens the possibility of using dilaton pair production at future colliders
as a probe of EWSB induced by nearly conformal new physics.
In the absence of an explicit sector that breaks elec-
troweak gauge invariance, the interactions of SM gauge
bosons and fermions are approximately conformal down
to the QCD scale. Thus the question of what triggers
gauge symmetry breaking in the SM is inevitably tied to
the dynamical breaking of scale invariance. This is why
the Higgs mode and the dilaton mode [1], the pseudo-
Goldstone boson of spontaneously broken scale invari-
ance, can have such similar properties.
For example, in the minimal SM with a single Higgs
doublet, the breaking of SU(2)L × U(1)Y gauge invari-
ance is triggered by explicit scale symmetry breaking,
through the addition of the (fine tuned) Higgs mass op-
erator. In this case, the scale f of conformal breaking is
exactly equal to the scale v ≃ 246 GeV of the electroweak
interactions. In addition, if the explicit scale breaking
term is small in units of f = v, the resulting light Higgs
can be identified with the dilaton χ(x) =
√
H†H(x). The
couplings of this light mode to the rest of the SM satisfy
the usual soft Higgs theorems [2], which in this language
are a consequence of the Ward identities of approximate
scale symmetry.
If the mechanism of EWSB is more subtle than a sim-
ple Higgs scalar, the relation between gauge and scale
symmetry breaking is likely to be less direct. For ex-
ample, if the EWSB sector is strongly coupled, the con-
formal breaking scale f need not be the same as v, nor
do the states responsible for EWSB (and for unitarizing
gauge boson scattering) have to be identical to the states
that arise from the conformal sector of the theory.
It is not difficult to find explicit examples where this is
the case. In fact, a wide range of well motivated exten-
sion of the SM contain an EWSB sector that is strongly
interacting and nearly conformal. The general picture
is that in these theories, spontaneous breaking of scale
invariance at a scale ΛCFT ∼ 4πf triggers EWSB at an
energy scale ΛEW ∼ 4πv ≤ ΛCFT . Models of this type
can be realized either as 4D strongly coupled gauge the-
ories, as is the case in the original theories of walking
technicolor [3], or via AdS/CFT as Randall-Sundrum 5D
warped geometries [4] with EWSB through either Higgs
VEVs [5] or boundary conditions [6]. See also [7].
In such scenarios, the EWSB sector may not cor-
respond to new, light resonances that can be directly
seen at the LHC. Rather, it is realized non-linearly at
low energies, and the states responsible for unitarizing
gauge boson scattering amplitudes are heavy compared
to the weak scale. For example if the underlying the-
ory is strongly coupled, new states with masses of order
ΛEW ∼ 4πv are generic. Such heavy states are typically
broad and therefore difficult to detect experimentally.
Despite the lack of light states directly tied to the
mechanism of EWSB, the theory may still posses a light
electroweak singlet dilaton field χ(x). In the limit where
conformal symmetry is recovered, the dilaton is exactly
massless. Therefore its mass is naturally small1, propor-
tional to the scale f times the parameter that controls
deviations from exact scale invariance, and the pseudo-
dilaton may well be the first state associated with new
physics at the LHC.
Because a light Higgs doublet can also be described as
a pseudo-dilaton, differentiating the new physics from the
minimal SM at colliders may be difficult. Indeed, exactly
the same low energy theorems that determine the inter-
actions of the Higgs with the rest of the SM apply as well
1 There are arguments in the literature, for example in Ref. [8, 9],
against a light dilaton in gauge theories. Such studies ob-
tain properties of the spectrum by analyzing solutions to the
Schwinger-Dyson equations of the theory and likely do not ac-
curately capture properties of all gauge theories. For example,
large N gauge theories obtained through the AdS/CFT corre-
spondence can have a light dilaton in the spectrum.
2to the couplings of a pseudo-dilaton that arises from an
underlying strong sector. By non-linearly realized scale
invariance, the tree level pseudo-dilaton couplings are ob-
tained from those of the Higgs boson by replacing the
electroweak scale v with the scale f of conformal symme-
try breaking. In general the scale f may differ from v, so
that the unitarization of Standard Model amplitudes is
only partial. At the loop level, the dilaton also has cou-
plings to massless SM gauge bosons, but their strength
is model dependent. However, if f is close to v and no
other light states appear, it would be nearly impossible
to distinguish the new strong dynamics from the mini-
mal Higgs model. Finally, the self-couplings depend on
the dimension of operators that explicitly break the con-
formal symmetry, and this provides an opportunity to
differentiate the dilaton from the Higgs.
In the next section we describe our setup, which con-
sists of the SM with nonlinearly realized electroweak sym-
metry coupled to a light dilaton arising from a conformal
theory. There, we discuss the couplings of the dilaton
to SM fields. Assuming that the SM is embedded in
the conformal sector, we obtain the dilaton couplings to
massless SM gauge bosons, finding a large enhancement
relative to the analogous SM Higgs couplings. Unfor-
tunately, this does not constitute a tell tale sign of the
dilaton since the perturbative SM gauge interactions can
be non-conformal at high scales without spoiling the dy-
namics of a strongly interacting conformal sector. In ad-
dition, Higgs couplings to photons and gluons can be
radiatively induced by new heavy states, making an un-
ambiguous comparison of the Higgs and dilaton couplings
difficult. We also show that, in certain limits, the dilaton
cubic self coupling can be calculated in terms of its mass
and the scale of conformal symmetry breaking. This cou-
pling, although difficult to measure, is perhaps the most
interesting probe of the conformal sector.
In section II we briefly discuss collider phenomenology.
We first address current bounds inferred by LEP exper-
iments, then turn to LHC prospects, and finally com-
ment on the measurement of the dilaton self coupling
that could be achieved at a linear collider.
I. SETUP
We assume that the light degrees of freedom consist
of the SM gauge bosons and fermions as well as an elec-
troweak neutral scalar, the dilaton, whose mass is pro-
tected by approximate scale invariance. All other states
responsible either for conformal or electroweak breaking
are taken to be roughly heavier than a scale ΛEW ∼ 4πv.
The interactions among the light fields are described by
a low-energy effective Lagrangian with non-linearly real-
ized SU(2)L × U(1)Y and (approximate) conformal in-
variance.
A. Conformal sector
In this section we briefly recall the standard lore on
broken scale invariance. Conformal invariance in a field
theory can be broken by both classical (couplings with
non-zero mass dimension) and quantum (dependence on
a renormalization scale µ) effects. The manner in which
scale invariance is broken can be read off the RG equa-
tions of the theory.
A heuristic way of understanding the effects of scale
transformations on the theory can be obtained by writing
the Lagrangian in a basis of anomalous dimension eigen-
operators,
L =
∑
i
gi(µ)Oi(x), (1)
with [Oi] = di. The content of the RG equations is sum-
marized by assigning the transformations laws
Oi(x) → eλdiOi(eλx),
µ → e−λµ,
under scale transformations xµ → eλxµ. This gives
δL =
∑
i
gi(µ)(di + x
µ∂µ)Oi(x) +
∑
i
βi(g)
∂
∂gi
L, (2)
where βi(g) = µ∂gi(µ)/∂µ. From this one obtains the
divergence of the scale current Sµ = T µνx
ν ,
∂µS
µ = T µµ =
∑
i
gi(µ)(di − 4)Oi(x) +
∑
i
βi(g)
∂
∂gi
L,
(3)
This implies in particular the standard result that if di =
4 and βi = 0, the theory is scale invariant.
Given Eq. (1), a simple way of incorporating non-
linearly realized scale invariance is to add a field χ(x)
that serves as a conformal compensator. Assigning the
scale transformation law
χ(x)→ eλχ(eλx),
we simply need to make the replacement
gi(µ)→ gi
(
µ
χ
f
)(
χ
f
)4−di
,
in Eq. (1). Here f = 〈χ〉 is the order parameter for scale
symmetry breaking, determined by the dynamics of the
underlying strong sector. The Goldstone boson associ-
ated with conformal symmetry breaking is parameterized
as
χ(x) = feσ(x)/f , (4)
which transforms non-linearly under scale transforma-
tions, λ : σ(x)/f → σ(eλx)/f + λ. However, a more
convenient parameterization for the fluctuations about
3the VEV is χ¯(x) = χ(x) − f. Expanding about 〈χ〉 = f ,
one gets the standard result
Lχ = 1
2
∂µχ¯∂
µχ¯+
χ¯
f
T µµ + · · · , (5)
with T µµ as in Eq. (3).
B. Electroweak sector
A convenient, model-independent description of a
strongly interacting Higgs sector is in terms of the elec-
troweak chiral Lagrangian [10]. Introducing a 2 × 2 uni-
modular matrix field U(x), the dynamics of the EWSB
sector at energies below ΛEW ∼ 4πv ≃ 1 TeV is given by
LEW = LχEW + Lψ + LY , (6)
with
LχEW = −1
4
(Bµν)
2 − 1
2
trW 2µν +
1
4
v2trDµU
†DµU + · · · ,
(7)
where the covariant derivative of U(x) is
DµU = ∂µU + ig1BµU
τ3
2
− ig2 ~Wµ · ~τ
2
U, (8)
and
LY = −Q¯LUmqqR − L¯LUmℓℓR + h.c. (9)
where mq/v, mℓ/v are quark and lepton Yukawa matri-
ces2. The term Lψ contains the usual fermion kinetic
energy operators.
In the unitary gauge, U = 1, LχEW above describes the
kinetic and mass terms for the SU(2)L × U(1)Y gauge
fields. Terms omitted in Eq. (7) are higher derivative
operators that encode the various precision electroweak
parameters with coefficients that scale as inverse powers
of the scale ΛEW . We simply assume that these coeffi-
cients are adjusted to be consistent with the measured
experimental values of the electroweak observables. We
have also neglected an additional custodial SU(2) vio-
lating two-derivative operator whose coefficient is exper-
imentally known to be small.
It is clear that the gauge boson and fermion mass terms
include the coupling of gauge fields to the dilaton as,
the replacement v → vχ/f makes Eq. (6) formally scale
invariant. Expanding about 〈χ〉 = f gives the couplings
of the dilaton to the SM gauge bosons and fermions at
tree level
Lχ,SM =
(
2χ¯
f
+
χ¯2
f2
)[
m2WW
+
µ W
−µ +
1
2
m2ZZµZ
µ
]
+
χ¯
f
∑
ψ
mψψ¯ψ, (10)
2 We have written the right-handed fermions as custodial SU(2)
doublets, so that mq,ℓ is a 2× 2 diagonal matrix of 3× 3 blocks,
with the lower block of mℓ set to zero.
which are identical in form to the couplings of a minimal
Higgs boson.
C. Dilaton self couplings
In the limit of exact scale invariance χ is derivatively
self-coupled. Ignoring for the time being terms that ex-
plicitly break the symmetry, self-interactions of the dila-
ton take the form
Lχ = 1
2
∂µχ∂
µχ+
c4
(4πχ)4
(∂µχ∂
µχ)2 + · · · , (11)
where the constant c4 ∼ O(1) depends on the details of
the underlying CFT. The inverse powers of χ are neces-
sary to ensure that Lχ transforms correctly under scal-
ings.
In addition, the theory may possess explicit sources
of scale symmetry breaking. For example, suppose that
conformal invariance is broken by the addition of an op-
erator O(x) with scaling dimension ∆O 6= 4 to the La-
grangian,
LCFT → LCFT + λOO(x). (12)
It is straightforward to include this pattern of symmetry
breaking by the introduction of a spurion field into the
low-energy effective theory. This spurion constrains the
non-derivative interactions of χ(x) to be of the form [11]
V (χ) = χ4
∞∑
n=0
cn(∆O)
(
χ
f
)n(∆O−4)
, (13)
where the coefficients cn ∼ λnO depend on the dynamics
of the underlying CFT. By assumption, this dynamics
must be such that V (χ) is minimized at 〈χ〉 = f with
m2χ = d
2V (〈χ〉)/dχ2 > 0. In general, the coefficients cn
are functions of the scaling dimension, which we assume
are non-singular in the limit ∆O → 4.
It is not possible to make detailed predictions without
knowledge of the coefficients cn in V (χ) unless there ex-
ists a small expansion parameter. Here we are interested
in the case where the explicit conformal breaking term
above is small. This can be either because the opera-
tor O is nearly marginal (|∆O − 4| ≪ 1), as is the case
in walking technicolor theories or RS models stabilized
by the scenario of [12], or because the coefficient λO is
chosen to be small in units of f , as in the case of the
minimal Higgs model. If this happens, it is possible to
obtain definite expressions for the dilaton self-couplings
once the parameters m and f are fixed. We find that the
potential is
V (χ¯) =
1
2
m2χ¯2 +
λ
3!
m2
f
χ¯3 + · · · , (14)
where m2 ≪ f2 is proportional to the small symmetry
breaking parameter: m2/f2 ∝ λO for λO ≪ 1 (in units of
4f) and ∆O arbitrary, orm
2/f2 ∼ |∆O−4| for |∆O−4| ≪
1 and λO of arbitrary size. The cubic coupling is given
by
λ =


(∆O + 1) +O(λO) when λO ≪ 1,
5 +O (|∆O − 4|) when |∆O − 4| ≪ 1,
(15)
and is in principle a probe of the scaling dimension of the
operator responsible for scale symmetry breaking. We
do not expect scale symmetry breaking to occur if O(x)
is an IR irrelevant perturbation. This implies the bound
λ ≤ 5 that is saturated near marginality. In addition, the
conformal algebra together with unitarity implies λ ≥ 2.
Moreover, for ∆O = 2 and λO ≪ f2 the result in Eq. (24)
reproduces the usual Higgs trilinear coupling. Note that
when |∆O − 4| ≪ 1 the entire potential for χ, up to
corrections of order (∆O− 4)2, is calculable. In fact, it is
V (χ) =
1
16
m2
f2
χ4
[
4 ln
χ
f
− 1
]
+O (|∆O − 4|2) .
Finally, one may worry that radiative corrections could
spoil our predictions for the dilaton self couplings. For
example, given the couplings in Eq. (10) one might
naively expect that top quark loops could generate ra-
diative corrections to m2 of magnitude
δm2 ∼ m
2
tΛ
2
16π2f2
,
where Λ is an ultraviolet cutoff. Likewise, the cubic cou-
pling receives a one-loop linearly divergent contribution
of the form m3tΛ/(16π
2f3). In fact, such corrections are
absent, simply by the assumption that the theory is in-
variant under scale transformations in the limit λO → 0.
Physically this means that for any SM corrections to
V (χ), there must be corresponding cancellations from
states at high scales to ensure scale invariance. A way
to implement this in the low energy effective theory is to
formally make the UV cutoff have explicit dependence on
the field χ,
Λ→ Λχ
f
.
This is consistent with the interpretation of χ as a confor-
mal compensator. Making this replacement ensures that
the only corrections to V (χ) are quartic in the field. Since
an arbitrary quartic term has been included in Eq. (13),
this means that our prediction for the cubic self-coupling
of χ¯ is stable against loop corrections.
D. Couplings to massless gauge bosons
In the SM, Higgs couplings to the top quark and the
massive gauge bosons induce the couplings Hγγ and
Hgg. The same mechanism induces the dilaton couplings
χγγ and χgg. Because these processes are generated by
loop effects, these couplings are also sensitive to contri-
butions from heavy particles present in any extension of
the SM. Since these couplings are crucial for collider phe-
nomenology we derive them here and show that the dila-
ton coupling to gluons and photons can be significantly
enhanced under very mild assumptions about high scale
physics.
Let us begin by recalling the situation for the SM loop
induced Higgs couplings to gluons. The logic is identical
for the couplings to two photons. One way of obtain-
ing the Hgg vertex is to compute the effective action for
background color and Higgs fields. If we are interested in
the coupling induced by heavy particles, we can take the
Higgs background to be spacetime independent. Then
the relevant term is of the form
Γ[A,H ] =
1
4
∫
q
Gˆaµν(−q)Π(q2, H)Gˆµνa(q) + · · · , (16)
where the vacuum polarization function Π(q2, H) in-
cludes all heavy particle loops. Taking for illustration
the one-loop contribution of fermions only (although
all particles charged under SU(3)c must be included to
make the answer independent of renormalization scale µ),
Π(q2, H) is given by
Π(q2, H) =
1
g2(µ)
− 4
(4π)2
∑
i
∫ 1
0
dxx(1 − x)
× ln
[
x(1 − x)q2 + 2m2iH†H/v2
µ2
]
. (17)
For Higgs processes, q2 is taken to be typically of order
m2h. In general, the sum runs over all particles, however
when m2i ≪ q2 ≈ m2h the logarithm is dominated by
the q2 term and is independent of the Higgs field, so as
expected light particles induce negligible Hgg couplings.
For heavy particles, defined as mi ≫ mh, we can neglect
the q2 term, and the Higgs couples to gluons through an
operator
LhGG = αs
8π
∑
i
bi0
h
v
(Gaµν )
2, (18)
where we have expanded about the Higgs VEV and Gaµν
is the canonically normalized gluon field strength. The
sum runs over the heavy fields only and bi0 is the contri-
bution of each heavy particle to the one-loop QCD beta
function, normalized as βi(g) = b
i
0g
3/16π2. As expected,
this result is independent of the heavy masses. For ex-
ample, for a heavy fermion like the top quark b0 = 2/3.
This well known result is modified by the loop con-
tributions of other heavy particles which are not part of
the SM. In addition to inducing the term in Eq. (18),
such heavy states can also generate new dimension-six
operators of the form, e.g.,
LhGG ⊃ αs
4π
chgH
†H(Gaµν)
2, (19)
5which depending on the size of the coefficient chg can
significantly modify the properties of a light Higgs bo-
son [13].
The dilaton couplings to massless gauge bosons can be
simply obtained by making the replacement
2m2i
v2
H†H −→ m
2
i
f2
χ2,
in Eq. (17). Again, one can split the sum over all colored
particles into sums over light and heavy states, where the
dividing scale is given by the dilaton mass. Note that if
one assumes that QCD is fully embedded in the con-
formal sector, one can make UV insensitive predictions,
since by conformal invariance
∑
light
b0 +
∑
heavy
b0 = 0.
Thus the effective coupling is
Lχgg = −αs
8π
blight0
χ¯
f
(Gaµν )
2, (20)
where blight0 = −11 + 23nlight. The number of light
fermions, nlight, is either nlight = 5 if the dilaton is lighter
than the top quark, or nlight = 6 otherwise. Eq. (20) has
a non-perturbative generalization
Lχgg = −β(g)
2g
χ¯
f
(Gaµν)
2, (21)
where β(g) is the beta function including particles lighter
than the dilaton mass. For collider applications Eq. (20)
is sufficient, however. It indicates about a tenfold in-
crease of the coupling strength compared to that of the
SM Higgs, which could have profound consequences at
the LHC. Unlike the Higgs case, corrections to this re-
sult from higher dimension operators are negligible. For
example, one might consider operators such as
Lχgg ⊃ g2s
cχg
(4πχ)2
DαG
a
µνD
αGµνa. (22)
However, such operators are suppressed by powers of
m2/f2 ≪ 1 relative to the terms coming from the con-
formal anomaly.
II. COLLIDER PHYSICS
The couplings of the dilaton at energies below the scale
4πf are given by
Lχ = 1
2
∂µχ¯∂
µχ¯− 1
2
m2χ¯2 +
λ
3!
m2
f
χ¯3 +
χ¯
f
∑
ψ
mψψ¯ψ
+
(
2χ¯
f
+
χ¯2
f2
)[
m2WW
+
µ W
−µ +
1
2
m2ZZµZ
µ
]
+
αEM
8πf
cEM χ¯(Fµν)
2 +
αs
8πf
cGχ¯(G
a
µν )
2, (23)
where the coefficients cEM , cG were discussed in the pre-
vious section. For example, if electromagnetic and strong
interactions are embedded in the conformal sector at high
scales,
cEM =


−17/9 whenmW < m < mt,
−11/3 whenm > mt,
(24)
while cG = 11 − 2nlight/3, where nlight is the number of
quarks lighter than the dilaton.
Given the similarity to minimal Higgs physics, it is
possible to use existing studies of Higgs properties at
colliders to understand the physics of a light dilaton as a
function of the model parametersm, f , and the couplings
λ, cEM , cG.
A. LEP bounds
At LEP, the main production channel for dilaton pro-
duction is, as for the Higgs, associated production with
a virtual Z boson, e+e− → HZ∗. The cross section for
dilaton production is suppressed by a factor (v/f)2 rela-
tive to the corresponding Higgs cross section at the same
mass. The LEP collaborations have combined their data
to search for the Higgs, including a search for Higgs par-
ticles with an anomalous (non-SM) HZZ coupling [14].
This result is immediately applicable to the bounds on
the dilaton mass and coupling.
Figure 10 in Ref. [14] summarizes the bound on the
dilaton mass and decay constant, where in our case
ξ2 = (v/f)2. Roughly, the dilaton with mass 90 GeV <
m < 110 GeV is excluded if (v/f)2 > 0.1 and with mass
12 GeV < m < 90 GeV it is excluded for (v/f)2 > 0.01.
These limits predominantly come from the bb¯ decay chan-
nel, which is kinematically suppressed below 12 GeV.
Other available decay channels have been employed for
very light masses [15]. Values m < 12 GeV are excluded
if (v/f)2 > 0.1; see Figure 5 in Ref. [15].
The dilaton decay width into quarks and leptons is also
suppressed by the factor (v/f)2. However, this discrep-
ancy is not relevant for the LEP search as the branching
ratios to fermions remain unchanged. For (v/f)2 < 10−2,
LEP is not able to detect the dilaton irrespective of its
mass, while for (v/f)2 > 10−2 the suppression of the
width is not observable. In this latter case the dilaton
decays very promptly and does not have displaced decay
vertex. Therefore its signatures are identical to Higgs
signatures.
B. LHC
There are four important production channels for the
dilaton at hadron colliders: gluon fusion gg → χ, asso-
ciated production with vector bosons qq¯ → W/Z + χ,
vector boson fusion qq → qq + χ, and associated pro-
duction with the top quark gg, qq¯ → tt¯ + χ. The first
6process, gg → χ, is likely to be sensitive to new heavy
states as we discussed in Sec. ID. For example, assuming
that QCD is embedded in the conformal sector, we find a
large enhancement of the χgg coupling. This could eas-
ily overcome the suppression factor v/f when compared
with the gg → h cross section. The cross sections for
the remaining process scale as (v/f)2 compared to the
Higgs production cross sections. Higher order QCD cor-
rections, which are often sizable, do not alter the scaling
of the cross sections with (v/f)2 since each of these pro-
cess contains just one vertex involving the dilaton. As we
already discussed, the dominant branching ratios of the
dilaton are the same as for the Higgs boson so most of the
Higgs search strategies can be applied directly. The only
caveat is in the mode χ→ γγ. The width of this decay is
likely to be modified by physics beyond SM and scaling
the results obtained for the Higgs may not be reliable.
Given the simple scaling of the cross section we can es-
timate the reach of LHC as a function of the dilaton mass
and the decay constant f . The statistical significance of
the Higgs signal at ATLAS has been presented, for ex-
ample, in Refs. [16, 17]. The significance of the dilaton
signal can be obtained from the significance of the Higgs
signal by rescaling
(
S√
B
)
χ
= c2G
v2
f2
(
S√
B
)
Higgs
,
where we assume that the production cross section is
dominated by the gluon fusion process. It is easiest to
discover a heavy dilaton when the decays toWW and ZZ
dominate. Very crudely, with a 100 fb−1 of integrated
luminosity a discovery is possible when c2G(v/f)
2 > 1/8
for m > 160 GeV. For a lighter dilaton the statistical
significance decreases with mass, so if c2G(v/f)
2 ∼ 1/10
one may have to wait to collect about 300 fb−1 worth of
data for detection. For details see Figure 3.49 in Ref. [17].
In addition to discovery, the LHC will be able to mea-
sure the dilaton couplings to gauge bosons and the top
quark by measuring event rates in different channels. De-
pending on the mass and the production channel one ex-
pects a 10% to 30% accuracy for the extraction of the
couplings. The measurement of the cubic self coupling
seems hopeless at the LHC even if f ≈ v and it only
gets harder for f > v [17]. However, a large luminos-
ity mode of the LHC or a VLHC could probe the cubic
coupling [18].
C. ILC
A linear collider with
√
s = 500 − 1000 GeV would
provide an ideal environment for the study of the dilaton
and for distinguishing the dilaton from the Higgs. A
number of precision measurements can be performed. See
Ref. [17] for a comprehensive review.
First, the couplings to the gauge bosons and several
branching ratios can be measured at a one to few percent
level. In addition to determining f it would be a test
of whether or not different coupling are scaled by the
universal factor v/f .
Second, for m > 200 GeV and f ≈ v, the dilaton
would be broad enough for its total width to be ob-
served directly. This would provide yet another check
of the universal rescaling of the couplings relative to the
Higgs. For f > v such a measurement is possible if
m > (f/v)2/3 200 GeV since, in this mass range, the
total width increases as mass cubed. (The Higgs mass
reach of a linear collider is approximately 0.8
√
s.)
It would be fascinating if f ≈ v to a degree of ac-
curacy that previously described coupling measurements
would not distinguish the dilaton from the Higgs. The
cubic coupling may then provide the only probe of how
conformal symmetry is broken. If the conformal symme-
try is broken by a nearly marginal operator we expect
a slight enhancement of the cubic coupling by a factor
of 5/3. This is large enough to be probed by the ILC
if the dilaton is light enough. The limiting factor for
this measurement is the small production cross section
of Higgs/dilaton pairs, which drops very rapidly with
mass [19]. For f ≈ v, we can adopt the results of stud-
ies on Higgs pair production, which estimate that the
cubic coupling can be measured to within, e.g., 20% if
m = 120 GeV and to within 30% if m = 140 GeV [17].
Note that for f ≫ v the error in the cubic coupling deter-
mination should be multiplied by an additional factor of
(f/v)2 if the limitation to the measurement is assumed to
be purely statistical and by (f/v)4 under the assumption
that it is background dominated. Although neither of
these extremes is likely to capture the true experimental
situation, it does indicate that for f significantly larger
than v the pair production signal is not an effective probe
of dilaton physics.
III. CONCLUDING REMARKS
We have considered a framework for physics at the TeV
scale in which the breaking of electroweak symmetry is
triggered by the dynamics of a strongly coupled, nearly
conformal sector. In scenarios of this sort (which include
several well motivated proposals for physics beyond the
SM), there may be a light scalar field, the pseudo-dilaton,
which couples to TSM
µ
µ with strength inversely propor-
tional to a symmetry breaking scale f . It may in fact be
the lightest new state seen at colliders.
Because a light Higgs boson can be also be thought
of as an approximate dilaton, distinguishing the minimal
SM from strong conformal dynamics may be difficult for
f close to v. In this paper we have discussed the pos-
sible ways in which these two types of scenarios may be
disentangled at colliders. Most experimental signatures
depend on just three parameters: the dilaton mass m,
the scale f , and for the dilaton self-couplings, the scal-
ing dimension ∆ of the operator that explicit breaks the
conformal symmetry. We find in particular that if f is
7within roughly 10% of the electroweak scale, LHC data
is not sufficient to distinguish the dilaton from a mini-
mal Higgs sector, and experimental determination of the
self-coupling at the proposed ILC is required as well.
Because the self-coupling is a direct probe of the mech-
anism of conformal symmetry breaking, it is important
to determine the accuracy to which it can be measured
at a linear collider. This depends both on the dilaton
mass and on the ratio v/f . Our analysis of this has been
at the order of magnitude level, adopting existing work
on the Higgs cubic coupling. It is important to do a
more careful study that goes beyond the simple scaling
arguments presented here. It would also be interesting
to work out the more model dependent aspects of dilaton
physics that have been neglected here. For example, the
dilaton couplings to the SM could be modified by mixing
with the conformal sector, in which case the branching
ratios for dilaton decays may deviate from those of the
minimal Higgs. Finally, our prediction for the dilaton
self-couplings relies on the assumption that the confor-
mal sector is explicitly broken by the addition of a single
operator of dimension ∆ ≤ 4, leading to a bound on
the cubic coupling λ ≤ 5. It is possible that this bound
can be relaxed with a more elaborate scale breaking sec-
tor involving several nearly-marginal operators, in which
case dilaton pair production at a linear collider could be
greatly enhanced. The implications of this possibility
need to be worked out in more detail.
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